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• LAST MONTH’S ARTICLE* on 

connection errors in capacitance mej^sure- 
ment suggests the need of a corollary article 
on the accuracy of calibration of the preci¬ 
sion capacitor itself. The rating of i I /i/if for 
all settings, while corresponding to 0.1% 
for l(K)0^i/if, has imposed a serious handicap 
on its use at low-scale settings. A recent 
evaluation of the sources of error and 
a survey of calibmtion records indicate 
that it is fxxssible to increa.se materially the guaranteed accuracy of 
the precision condenser at settings below full scale. 

The best accuracy to which calibrations can lie guaranteed is 0.1%, 
which allows for twice as much error as the known accuracy of our 
standards. Our capacitance 
sbindards are evaluaUKl in 
terms of measurements by 
the National Hureau of 
Standards, which are cer¬ 
tified to 0.05%. These 
standards are periodically 
intercompared, and we 
have found that our meas¬ 
urements check those of the 
Bureau to al)out 0.02%. 

•R. F. Fieltl. “Connection Em^ in 
Capacitnnce .Meuourement.'' Expert- 
menlrr, XXI. 12, Mm>*, 1047 


Figure 1. Calibrating precision ca< 
pocitors In the General Radio Stand¬ 
ardizing Laboratory. 
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Such factoi*s as temperature and aging 
can be cxi)ected to cliange the day-to- 
day capacitance slightly over the nor¬ 
mal guarantee period of one year, m 
that 0.1 % is a fair figure for the accuracy 
of coinmei-cial standards like the Typk 
722 Pifcision Condenser. 

Tliis tolerance of 0.1% corrcs|)onds to 
1 Aigf at a scale r(*ading of 1000 mmI. The 
capacitance of the instrument is contin¬ 
uously adjustable from 1100 ggf to 1(K) 
g/if- On the Typk 722-D Precision Con¬ 
denser a low-capacitance section is also 
included, coveiing a lOO-to-25 ggf range. 

METHODS OF 

ASSEMBLY AND ADJUSTMENT 

The rotor plates, spaced by suitable 
disc spacers, are clamped rigidly on a 
central shaft, which is mounted on ball 
Ixjarings and is turnnl by means of a 
worm and gear. The stator plates vnth 
their spacei-s an» mounted on two 
threaded rods which, at their ends, are 
supportotl by two steatite bars. The 
assembling of these plates Ls done in a 
jig in oitler to get all plates as nearly 
parallel as possible to each other and 
perpendicular to the a.xis about which 


the rotor turns. At each end of the 
stator stack there is a plate which can 
be movetl axially in order to adjust the 
capacitance change per turn of the worm 
shaft to the scale value, such as 50 g/*f 
ft)r a 1000 fifii capacitor. One of these 
plates has its central portion removed in 
onler to increase the capacitance per 
turn at the ends of the useful range, 
where this mte of change of capacitance 
naturally decreases. The other plate, 
while standard in shape, is faced by a 
rotor plate liaving nonradial slots ex¬ 
tending from its edge in toward the 
center. Slight bending of the individual 
sectors will compensate for small irregu¬ 
larities in the rate of change of capaci¬ 
tance. 

In the adjustment of such a capacitor, 
the solid adjusting plate is set to make 
the capacitance change for two turns of 
the worm shaft 100 rbO.5 /igf or better 
over the range from 100 to 1100 gixf, 
subject to the limitation that the cumu¬ 
lative error is also less than d:0.5 g/uf. 
Fmquently the adjusting plate must be 
set off from parallelism to accomplish 
this. The sectors of the slotted rotor 
plate are then bent slightly to decrease 



Figure 2. Interior view of a 
Type 722-D Precision Con¬ 
denser. The slotted rotor 
plate for the LOW section 
can be seen near the right- 
hand end of the capacitor. 
The zero adjusting plate is 
mounted on the frame at the 
top. 
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Figur* 4. Correc¬ 
tion data In this 
form ore record¬ 
ed on o cord 
mounted on the 
ponel of the co- 
pacitor. 


Scale 

)i|if 

100 

-.7 

200 

-.5 

300 

-.5 

400 

-.1 

500 

+ .4 

600 

+ .7 

700 

+ .7 

800 

+ .8 

900 

+ .7 

1000 

+ .5 

1100 

.0 


the extreme variations wliich may occur 
at the ends of the range and sometimes 
in the center. A plot of capacitance 
cliange for ever>' two turns of the worm 
shaft is shown in Figure 3. 

The engraved drum and dial are 
^ rnount-ed on their respective shafts in 
such positions, dicUiU^rl by past experi¬ 
ence, that the tot4d capacitance is 
within a few micromicrofamd.s of their 
readings. The zero adjusting plate Ls 
then set so that the total capacitance is 


correctly indicated to rtO.5 The 
capacitor i.s then bake<l in an oven over¬ 
night to n^luce any strains set up by the 
adjusting process. If there are any 
changes greater than 0.25 ji^f, the 
capacitor is readjusted and rebaked. 

The numerical results of this last 
measurement of capacitance are re¬ 
corded as the correction error in /i/if 
in the fomi given in Figure 4. .\ plot 

of these corrections is shown in Figure 3. 
The maximum error of 0.75 fifxi is e<iual 
to thiit allowcxl the te.sting laboratory", 
which in turn is three-fourths the catalog 
tolerance of drl /iMf- This particular 
capacitor, Imving the maximum allow¬ 
able error, was chosen to illustrate the 
extremes which can occur. 

ACCURACY OF 
CAPACITANCE READINGS 

Since each complete worm turn changes 
the capacitance by 50 ji/if, the intermcxli- 
ab' multiples of 50 /i/^f will fall at the 
same worm positions as the l(K)-/uMf 
multiples. C’onscciuently, these points 
can be determineil by direct interpola¬ 
tion to about the siime accuracy as the 


Rgur« 3. (Top curve) Actual 
change In capacitance per tvro 
worm Ivrm for a Type 722 
PrecHion Condenser. (Bottom 
curve) Cumulative error at 
nominal l(X) /i/tf points. These 
data ore recorded to the near- 
est tenth micromicrofarod, os 
shown In Rgure 4, ond ore 
furnished with the capacitor for 
correcting the scale reading. 
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Figure 5. Worm correction for o typicci Type 722 Pre¬ 
cision Condenser. 


KKV/u^f points. ('apa(*itan(T.s at tlio.so 
points, when cormctod, tiro arcuniU* to 
±0.1% or ±0.1 pLn(. whichcvrr is 
|i:reaU*r. Caparitanco values ot lier tlian 
multiples of 50 obiainetl by inter¬ 
polation lK‘t\veen these eorreetetl points 
cannot Ite as pnH’i.stdy <letermine<l, o\n - 
inj' to the eccentricity of th<* worm. 

AlthouKh tlie worm is cut dim’tly on 
the wonn .shaft and considerable care 
is exercistnl in mountinj^ the worm and 
near both as to their benrinps and the 
methiMl of pres.sinpj the womi against 
the Rear, a small tiegree of eccentricity 
remains. This ap|)eai*s as an approxi¬ 
mately sinu.sc.>idal variation in capaci¬ 
tance about the* av'erage value. Its 
maximum value randy reaches 0.2n 
and controls arc set up to see that this 
value is not excisslcd. A typical worm 
(•ornM’tion cur\'e is given in P'igtm* 5. 
The particular point on the siiuiJ^oid at 
which the wto rea<ling of the dial a|>- 
|>pars is entirely fortuitous. It just 
hap|>ens that in Figure 5 the entire cor¬ 
rection Ls ptisitivc, thus giving the larg- 
t*st po.s.«ible correction for this amount 
of eccentricity. 

CORRECTION CHARTS 

In tin* future, a table* of e-orrections 
measur(*<l to the nearest tenth micro¬ 
microfarad will Ih» supplit*<i on the piinel 


of each Cleneral Raelio precision capaci- 
U»r. The.s(* include* not only the 'Fyck ^ 
722 series, but also bridges such as tin* 
Tyi'K 7 UK’ (’apacitance Bridge am I 
the Typk S2l-.\ Twin-T. in which pn*- 
cision capacitors are us(*<l. 

'The rat4*<l accunicy of capacitance can 
Im* considerjd)ly increaseMl if tln*.se coiw- 
tion data are used. The new specifica¬ 
tion for Tyi’K 722-1) Brecision (’ondenser 
(high section) will be ±0.4 /i/uf or 0.1%, 
whichever is the larger, for capacitances 
as indicated by the scale, and 0.5 /i/if 
or 0.1% for capacitance differences, such 
as are iij^hI in substitution measure¬ 
ments. 

'Phe errors that make up tin* total arc 
computetl as follows: 

Worm coiTfM’tion 0.25 /i/uf 

Br<*cision of (correct ion 0.05 ju/if 

Standard t<»lerance 0.1 /u/if 

0.4 nnf 

The second item of 0.05 /igf arises from ^ 
the fact that the (*orrection is given to 
the near(»st tenth mici\»microfarad. 
which may differ by 0.05 fifii from the 
true value. 

'Phe third entry of (11 g/if is the .stand- 


Scale 

0 

10 

20 

30 

40 

100 

-.70 

-.68 

-.57 

-.49 

-.63 

150 

-.65 

-.57 

-.41 

-.33 

-.48 

200 

-.54 

-.51 

-.38 

-.33 

-.51 

250 

-.57 

-.52 

-.40 

-.32 

-.43 

300 

-.46 

-.36 

-.itf 

-.07 

-.16 

350 

-.21 

-.16 

-.01 

♦ .10 

-.05 

400 

-.07 

♦ .01 

♦ .17 

♦ .32 

♦ .22 

450 

♦ .24 

♦.35 

♦.52 

♦ .61 

4.50 

500 

♦ .44 

♦ .48 

♦ .59 

♦ .69 

♦.54 

550 

♦.52 

♦.59 

♦ .73 

♦ .85 

♦ .69 

600 

♦ .66 

♦ .73 

♦ .83 

♦ .92 

♦ .76 

650 

♦ .67 

♦ .71 

♦ .83 

♦ .91 

♦ .76 

700 

♦ .70 

♦ .73 

♦ .87 

♦ .95 

♦ .77 

750 

♦ .72 

♦ .78 

♦ .90 

♦ .99 

♦ .81 

800 

♦.75 

♦ .78 

♦ .88 

♦.95 

4.80 

850 

♦.75 

♦ .82 

♦ .93 

♦ .97 

♦ .79 

900 

♦ .70 

4.73 

♦ .84 

♦ .92 

♦ .73 

950 

♦ .65 

♦ .66 

♦ .76 

♦ .80 

♦ .61 

1000 

♦.52 

♦.52 

♦ .61 

4.61 

♦.u 

1050 

♦.32 

♦ .28 

♦.33 

♦-35 

♦ .11 

1100 

.00 






Figuf* 6. Worm correction data os furnished when o 
complete worm correction calibration is ordered. 
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iinl lain Hilt orv Tlu* acciirarv 

of laitoniton' adjustint'iif is tljm‘-f<nirtlis 
of the catalog s|MM*ificatioii. Iloiirc with 
a t).3-/i/if lalM»nitor>’ error, the eat.alojr 
value is 0.4 ju/if. 

For capaeitniiei* dilTerenet‘s, one addi- 
tioiml setting!; is involved, with its asso 
ciated possible* I'rror of 0.05 fifdi. To the 
nearest tenth, therefore, the aeruraev 
ran Im* specified as drO.5 /z/xf. At the 
KKF/iizf divi.*«ions, aiui also at tin* 50-^/if 
elivisions by linear inter|)olation, capaci¬ 
tance (liffenMicescan be detenniiuMl with 
an ernir of d:0.2 For differences of 
h'ss than 25 ^/zf the error d<‘cr(*asi*s 
lin(‘arly from ±0.5 /u/zf to ±0.1 ^l/zf. 

For I la* low si'ction of the Tyi*k 722-1) 
Frecision ('ondeMiser (25 to 100 ju/uf). the 
coriMM-tion is given to ±0.01 ggf. .\s a 
general principle, fnictional errors can¬ 
not be riHhH't*^! in propoiiion to the sizz* 
of the main (|uantity, and con.*H»(|iiently 
tlu* s|H*cification for this sei*tion is ±0.1 
M/if or O.F'^i for bot h dirc*ct reading and 
differenc(*s. The slight increase of the 
direct-reading error to ±0.1 g/nf iscausiMl 
by connection errors. 


As imaitioned earlier, the be.st accu- 
liicy to \\hi<*h capacitance can be giiar- 
aiitixil is 0. Ff. (’onse(|uenlly, if the 
error a.s sjiecirml in micromi<*rofarads is 
le.ss than 0.1 ^ /. the "iH’cification of 0 1 ^J, 
governs. If tlu* corn*etion data aiv not 
n.sed, the accuracy of (he capjicitta* is 
±1 Mgf fnr direet-reatling values and 
± 2iUMf lor <lifferenct»s. 

COMPLETE 

WORM CORRECTION 

For thoi^ wln» in‘<‘d the greaU‘st possi- 
bh* accunicy, a complete* worm corr(‘c- 
tion exU'iiding over the entin* range of 
the capacitor is available, 'fhe chart 
taki's the form shown in Figure 0. I'lu* 
data giv<*n are for the same capacitor as 
was referred to in f igures A and 1. Its 
worm corn*clion has the maximum 
allowabh* value of 0.25 /z/zf, so (hat the 
maximum c<»rn*ction is almost 1 /z/zf. 
Since the corrections are given to 0.01 
/zgf, direct-reading capacitances can be 
«*asily corrected to ±0.1 g^f or ±0. Fv 
and diffejvnc4*s to ±0.2 /u/uf or ±0.F>{,. 
'fla'se data are plotted in Figure 7. 


Figure 7. Complete correction curve oi ploHed from the data of Figure 6. 
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\Vhon a large luimher of observations 
must be rf'fluceil, it is sometimes easier 
to read tlie eorreetion from a graph than 
from a chart. 


SUMMARY 

Tabulab^l below are the accuracy rat¬ 
ings of the several General Radio preci- 
.sion capacitors mentione<l in this article. 



Dirkct Reaui.ng 

.•\ftkr Correction 

TNo. 

Capacitance 

Capacitance 

Oifferencen 

100 M 

(and 60 puf) 
M ultiples 

/ nterpolated 
Points 

Differences 

722-1) 

High Section 

M/if 

d:2Msf 

drO. 1 /Li/if 

±0.4 nni 

0.5 hmC 

Low Section 

iO.2 Mst 

d:0.-l PAif 


±0.1 MAif 

0.1 tAtlf 

722-N 

=bl mtS 


d:0.1 

±0.4 Mfd 

±0.6 jM*f* 

722-M 


Ttl AiAif 

±0.1 npi 


±0.4 MMf* 

716-C 

db2 M/if X 
Multiplier 

d:2 /i/if 



±0.5 #iMf 

S21-A 


±fo.ir; -i- 2w«f) 



±(0.1% -1-0.6 iuiO* 


*Kor rnpitoitancfc Imh than 2A hhU the ermr deomnMia linearly to zkO.I mmI- 


— R. F. Field 


TWO YEARS OF RECONVERSION 


The road of reconversion for American 
industry’ has provetl to be far less smooth 
than most of us ho|x;d. Unforeseen ob- 
.stacles have been fretjuent, particularly 
shortages of materials and parts, necessi¬ 
tating the use of circuitous detours, and, 
as uith any road so heavily tmveled, 
traffic jams were inevitable. One by 
one, however, the tnivclers are arriving 
at their goal—full peacetime pro<liiction. 

We at General Radio had ex|Kicted 
that our own reconversion would be 
simpler than most. Since the nature of 
our production had changed little during 
the war ex(!ept for the (piantities re- 
(|uired, we were able to avoid the prol>- 
lem of complete retooling that had to be 
faced by many companies. At the same 


time it was not possible to foresee to the 
necessary degree the stringent shortages 
of material and rapidly rising prices of 
parts and labor. Thescf factors liave 
necessarily sloweil the process of getting 
rcxiesigns and new designs into produc¬ 
tion. 

Just two years ago*, we listed some of 
the new General Radio products that 
pea(*etime conditions would bring, A 
review of the succeeding twenty-three 
numbers of the Experimenter shows that 
we have not fallen far short of our goivl. 
Seventeen new instruments have l>een 
announced, as well as three redesigns of 
older types. A complete list follows. 

“'Devdopment Enjtineerinc at the Cieneral Radio Com¬ 
pany," Experirmmttr, XX. 1, June, l»4fi. 
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Frequency Meneuring Inetrumenla 
^ Type 720-A Heterodyne Frequency Meter 

July-August, l‘J45 

Type 81G-A Vacuum-Tube I’refision Fork 
Septemlxjr, 

Type 1140-A Ij- 11-F Wavemeler. 

Octol)er, 11)45 

Type 1176-A Fre<|uericy Meter. 

February, I94ti 

Type 1181-A Fn^quency Deviation Monitor 
NovcmlMjr, 1940 

Type 1175-A Frequency Monitor 

February, 1947 

Type 724-B Precision Wavcmeter. 

March, 1947 

Imptdance Meanuring EquipmerU 

Type 1614-A (Capacitance Bridge. 

February, 1940 

Type 1631-A Inductance Bridge.. 

February, 1940 

Type 716-C Caimcitancc Bridge. 

April, 1947 

Type 1281-A .Amplifierand Null Detector. 

.March, 1940 

NEW PRICE 

Included in the last mailing of the 
Experimenter was a new price list, which 
became effective on June 9, 1947. This 
price list suix^rsedes all previous price 
lists, which should be destroyed to avoid 
confusion or error in oniering. In ac¬ 
cordance w’ith long-establLshed pohey, 
all prices shown in our price schedules 
are net, f.o.b. the f^ptory in Cambridge, 
Massachusetts. If you can use additional 
copies of the list, we shall be glad to 
supply them. 

The costs of manufacturing in otir 
industry", and most, others for that 
matter, have risen greatly since the war. 
VV^e have always tried to maintain a 
fixed price schedule, but it has been 
impossible to do this during the past 
two years. Although the costs of manu¬ 
facturing, that is, the prices of raw 
materials, components, wages and sala¬ 
ries, still continue to climb, wc feel that 
the time is here to attempt to stabilize 
^ prices again. During the recent era of 
rapidly rising costs, the custom of quot¬ 
ing prices effective as of the date of ship- 


M tiers 

Type 180()-.\ Vacuum-Tube Voltmeter. 

SepU'inber, 1940 

Type 1802-.\ Crystal Galvaiiomeler. 

October, 1940 

Type IHOl-A .Megohmmeter. 

> ovejnber-I>e(n?mlx.*r, 1946 

M isceUaneous 

Type V-5 Variac ... May, 1940 

Type V-1() Variac.luly-.AugUftt, 1946 

Type 1530-.\ .Microflaali.OctolHjr, 1945 

Type 762-B Vibration Analyw'r. 

Noveml>or-D<!rt*mber, 1946 

Type 1931-.\ .MiKlulatioo Monitor. 

Xovemlxjr, 1946 

Type 1261-.\ Power Supply. 

March, 1946 

Type 1260-.A Variac Kectificr. 

March, 1946 

Dther new instruments are abimt to go 
into production and others are now 
under development. 'Fhese will first be 
announced in these pages. 

SCHEDULE 

ment became quite general. We have 
always been opposed to this open price 
system and we still have sufficient con¬ 
fidence in the stability of the nation's 
economy to guarantee all formally 
quoted prices for six months. Although 
no change in prices is indicated in the 
near future, there arc so many factors 
beyond our control that currently it 
does not seem practical to quote firm 
prices for [periods longer than six months. 
Any ciU5tomer who has placed an order 
where the delivery is over six months 
has the option of cancelluig that order 
if any price increase is made on it. 

We arc? glad to say at this time that 
the delivery situation is continually im¬ 
proving. Although many items are now 
available from stock, the delivery time 
required for some others is a great deal 
longer than wc like to see it. Each month 
shows a gimeral improvemi.-nt in de¬ 
liveries, and wc look forward to the time 
when we can rt»sume deliveries of almost 
ever>’thing from stock. 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800 ) 899-8438 • fax: (516) 334-5988 











GENERAL RADIO EXPERIMENTER 


MISCELLANY 



HONORS- (V>nfom*<l upon Harold H. 
liirhmond, (’hnirmaii tif the* lioani of 
the (ienoral Itadio (’ornpany, the honor- 
ar>^ degrei" of Ofielor of ICngine<Tiiifi:. at 
the 128th C'ommeneement of Xorwieh 
I ’niversity, for his pioneiT radio ser>dee, 
his work on jijiiidtHi missiles in W orld 
War II, and his intei'est in eiiKineering 
ediieation. A graduate of the Massiiehii- 
setts Institute of Technology, (‘lass of 
It) 14, Mr. Richmond has served for eleven 
years as a memlier of the (Corporation 
of M.I.T. aiul is tnist4*e of Noilheastem 
and Norwich I'niversities. He has l)een 


President of the Radio Manufacturers’ 
As.s(K‘uition, and was recently electinl 
Hoard (‘hairinan of the Scientific Appa¬ 
ratus Makera of .\merica. Joining the 
(leneml Railio organization in H)H), he 
iM'carne Se<*retary in 11)21, Assistant 
Treasurer in 1924, Treasurer in lt)2(), 
and (’liairman of the Hoaixl in 1944. 
Mr. Richmond is a Fellow of the Insti¬ 
tute of Radio ICngineers and of the Amer¬ 
ican Institute of Electrii’al Fngineei*s. 

TIOCCHNRCAL PAPERS — ‘T'-H-F 
Measurements,’* by W’illiam R. Thurs¬ 
ton of the development engineering 
stalT, liefore Im^al I.R.E. sections, at 
Ottawa, April 3; Toronto, .\pril 7; Ixm- 
don, .\pril 8; and Montreal, April 9. 

**A Very-High-Frequency Bridge for 
ImpcMlance Measurements at Fri^quen- 
cies Itetween 20 and 140 Megacycles,** 
by Roliert A. Sodemian of the develop¬ 
ment engineering staff, at the New Eng¬ 
land Radio Enginet*ring Meeting, (Cam¬ 
bridge, May 17. 

VISITORS to oqr plant and labora¬ 
tories -1). Putnam, Marconi Instill¬ 
ments, Ltd., St. Albans, England; C. M. 
Heiiham, Managing Director, Painton 
and (*ompany, Northampton, England; 
.\. Hergqvist and Major K. H. (lenberg, 
Sweilish Army Ordnance IX‘partment, 
Stm'kholm. 


GENERAL RADIO COMPANY 

27S MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE: TROWBRIDGE 4400 

BRANCH ENGINEERING OFFICES 

NEW YORK I. NEW YORK LOS ANGELES 31. CALIFORNIA CHICAGO S. ILLINOIS 

96 WEST STREET 950 NORTH HIGHLAND AVENUE 920 SOUTH MICHIGAN AVENUE 

TEL.-WORTH 2*5137 TEL.-HOLLYWOOO 0201 TEL.—WAIASH 3020 
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